Abstract-A novel single-feed design of a patch antenna with polarization reconfigurability is proposed in this paper. Four identical notches with parasitic elements are embedded into the design. The antenna can switch between linear polarization (LP), left hand circular polarization (LHCP) and right hand circular polarization (RHCP). The results show that the proposed antenna demonstrates an impedance bandwidth of 50 MHz (S11 <-10 dB), and a polarization bandwidth of 44.3 MHz (axial ratio < 3 dB). Also, the axial ratio is obtained in a broad angular range when the antenna is in LHCP and RHCP mode. The structure of the proposed antenna is simple and suitable for antenna array applications that require circular polarization and polarization diversity properties.
INTRODUCTION
Nowadays, there is high demand for microstrip antennas with reconfigurable polarization feature, as these antennas provide higher performance [1, 2] . With this feature, the user can switch from one network to another with the same device. Patch antennas generate circularly polarized radiation when two identical orthogonal modes are excited to a symmetrical shape patch [3] . Circularly polarized antennas can also be achieved by using single-feed antennas where circularly polarized wave can be generated by exciting a quasi-symmetrical shape that supports two degenerated modes [4] . Several patch antennas with polarization capability have been proposed previously by perturbing their radiating element [1, 2, [5] [6] [7] . However, these antennas are geometrically asymmetric, due to having additional feeding and parasitic structures. This increases the overall dimension of the antenna and makes it difficult for them to be arranged in an array, especially the planar array configuration. Apart from that, the feeding structure could also contribute to the overall radiation pattern of the antenna.
On the other hand, the symmetrical shape of a circular patch antenna is advantageous when it comes to arranging them in an array, especially planar array. For these reasons, in this paper we introduced a novel single-feed circular patch antenna with reconfigurable polarization capability. The patch is fed using a feeding pin from underneath, which retains the symmetrical shape of the antenna. The polarization state of the antenna; linear polarization (LP), right hand circular polarization (RHCP) and left hand circular polarization (LHCP), is controlled electronically by PIN diodes. The structure was modelled in CST Design Suite 2011 in which extensive full-wave time domain analysis was performed.
II. ANTENNA DESIGN
A circular patch with a top and bottom pair notches on the patch radiates RHCP waves while a circular patch with right and left pair notches on the patch radiates LHCP waves. By having a circular patch with four identical notches filled with rectangular parasitic elements and PIN diodes to connect between the patch and the parasitic elements, more polarization states can be reconfigured. The proposed antenna is depicted in Figure 1 . Detailed dimension of the antenna is shown in Table 1 . The characteristics of the antenna are divided into three cases depending on the bias of the PIN diodes (RHCP, LHCP and LP). The antenna is linearly polarized when the structure is physically and electrically in a symmetrical shape. This is the case when all the PIN diodes are in either ON (ANT 1) or OFF (ANT 2) state. In order to obtain two orthogonal neardegenerate resonant modes for LHCP (ANT 3), the structure can be modified by switching the PIN diode pair (#1 and #2) to the ON state while switching the other pair (#3 and #4) to the OFF state. Similarly, RHCP (ANT 4) is obtained when the PIN diode pair (#1 and #2) is switched to the OFF state while the other pair (#3 and #4) is switched to the ON state. Other than these combinations, the antenna will radiate linearly polarized waves.
III. RESULTS AND DISCUSSION
The proposed antenna was fabricated on a 1.6 mm-FR4 substrate with a dielectric constant of 4.3. Good impedance matching was achieved for all polarization states, as 978-1-4673-0462-7/12/$31.00 ©2012 IEEE simulated in Figure 2(a) . From the results, ANT 1 has the highest operating frequency (2.415 GHz) compared to others and the operating frequencies for ANT 3 and ANT 4 modes are the same (2.406 GHz). ANT 2 on the other hand has the lowest frequency (2.389 GHz).
This variation is due to the changes in the physical dimensions of the proposed antenna as the switching states of the PIN diodes change. The dimension of ANT 1 is slightly smaller compared to ANT 1, ANT 2 and ANT 3, hence it has slightly higher operating frequency. Similarly, the operating frequencies of ANT 3 and ANT 4 are the same as their radiating elements are of the same size. The measured reflection coefficient (S 11 ) for ANT 3 (-12.068 dB at 2.398 GHz) and ANT 4 (-11.465 dB at 2.396 GHz) are shown in Figure 2(b) . In general, good agreement is achieved between the measured and the simulated results.
Both ANT 3 and ANT 4 exhibit the best broadside axial ratio at 2.39 GHz with 1.9% circular polarization bandwidth (cut off at 3 dB) as shown in Figure 3 (a) . The simulated farfield axial ratios at 2.39 GHz of the proposed antenna for CP mode (ANT 3 and ANT 4) are plotted in Figure 3 (b) . The interesting characteristic of this antenna is its far-field axial ratio which covers a broad angular range of -124° to 100° and -60° to 60° from boresight when it is radiating in LHCP and RHCP mode respectively.
IV. CONCLUSION
In this paper, a novel microstrip patch antenna with reconfigurable polarization capability was introduced. The polarization mode (linear polarization, right hand circular polarization and left hand circular polarization) of the antenna is electronically controlled using PIN diodes. By controlling the voltages of the PIN diodes, the proposed antenna can switch its polarization mode. In addition, the proposed structure exhibits a very broad axial ratio of -124° to 100° and -60° to 60° when it is in LHCP mode and RHCP respectively. A good agreement was achieved between the simulated and measured impedance matching performance. The proposed structure is simple and suitable for devices that require reconfigurable polarization capability in order to increase the number of channels in a given bandwidth. 
